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Introduction: There is urgent need to improve access to safe surgical treatments for patients in low- and middle-income
countries (LMICs). However, few data exist to characterise clinical outcomes for this patient population.
Methods: Consecutive patients undergoing surgery at a referral hospital in Uganda were prospectively followed between
October 2016 and October 2017. The primary outcome was in-hospital, postoperative mortality. Secondary outcomes were
in-hospital complications for patients undergoing laparotomy and Caesarean section. Results are presented as n (%) or odds
ratios (OR) with 95% confidence intervals.
Results: A total of 4 773 patients of mean age 28 years were included; 3 754 were female (79.0%) and 4 259 patients (89.4%) were
classified as American Society of Anesthesiologists class I or II. Some 3 501 (73.8%) procedures were performed on an emergency
basis. The most frequent procedure was Caesarean section (2 634 patients [55.3%]). There were 93 deaths (2.0%), 49 of which
occurred after the day of surgery (59.0%). In multivariable analysis, patients undergoing general (abdominal) surgery were at
greatest risk of death (OR 4.34 [2.02–9.30]). Postoperative complications were recorded for 24/412 (5.8%) patients
undergoing Caesarean section and 18/107 (16.8%) patients undergoing emergency laparotomy. Infection was the most
frequent complication in these patient groups (33/519 patients [6.4%]).
Conclusions: This study confirms the feasibility of longitudinal audit of postoperative outcomes in LMICs. Data collected over a
one-year period were highly consistent with the findings of a recent seven-day cohort study conducted across Africa.
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Introduction
It is estimated that almost 900 million people (93% of the popu-
lation) in sub-Saharan Africa do not have access to safe, afford-
able surgical and anaesthesia care.1 The global unmet burden of
surgical disease is highest in this region, with an additional 40
million surgical procedures required each year.2 Surgery is a
key component of universal health coverage.3 Despite clear evi-
dence of cost-effectiveness, surgical and anaesthesia care con-
tinue to receive little support and face numerous barriers.4–7
Strategies to improve access to safe surgical and anaesthesia
care are urgently needed but should be informed by epidemio-
logical data describing current surgical activity and patient
outcomes.8
Despite the Lancet Commission on Global Surgery recommen-
dation to use perioperative mortality as an indicator to describe
the state of a country’s surgical system, literature reports detail-
ing patient outcomes after surgery in low-income countries are
limited in number.2 Mortality rates in this setting have been
described as between 0.2% and 6.5%, but significant heterogen-
eity exists between the definitions of postoperative mortality
used in these studies.9–12 In addition, mortality rates after
surgery are reported to be significantly worse in sub-Saharan
Africa compared with high-income settings, but there is little
published evidence to support these assumptions.10–13 The
first of its kind in Africa, a large international, prospective, obser-
vational cohort study of adult patients undergoing surgical pro-
cedures in 25 countries in Africa was recently published in The
Lancet (the African Surgical Outcomes Study, ASOS).14 When
compared with international surgical outcomes, patients in
this study were younger, had fewer complications but were
twice as likely to die. The study’s seven-day cohort design was
chosen for pragmatic reasons, resulting in limitations for gener-
alising these data to individual hospitals and countries.15
There are few national reporting systems in place in low-income
countries that are able to track surgical volumes and outcomes
despite the fact that these data are routinely documented in
paper-based theatre and ward logbooks.16 We describe surgical
outcomes from a one-year cohort of patients who underwent
surgical procedures at a regional hospital in eastern Uganda.
This study was conducted concurrently with ASOS, as part of a
long-term quality improvement programme with an additional




Mbale Regional Referral Hospital (RRH) is a 440-bed hospital that
serves 14 districts and a population of more than 4 million
people in the east of Uganda. It is the busiest of Uganda’s 14
regional referral hospitals with almost 10 000 maternal deliveries
and 55 000 in-patient admissions each year.17 The hospital has
one physician and nine non-physician anaesthesia providers,
three obstetricians and three surgeons. It has four functioning
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operating theatres but no intensive care unit. Patients of any age
undergoing either elective or emergency in-patient surgery at
Mbale RRH between October 1, 2016 and September 30, 2017
were eligible for inclusion. Patients undergoing surgery within
the hospital’s private wing were excluded. Ethics approval to
conduct a prospective audit of in-hospital, postoperative out-
comes was granted by the Mbale RRH Research and Ethics
Committee.
Data collection
Data describing all surgical procedures and ward admissions are
routinely collected at Mbale RRH using paper logbooks.
Additional data were collected for patients undergoing laparot-
omy and Caesarean section for shorter periods. Theatre log-
books contain demographic information, details of surgical
procedures, anaesthesia type and staff involved in the patient’s
care. Ward logbooks duplicate basic demographic data and also
contain information on patient outcomes (discharge, referral
etc). We designed an electronic case report form that allowed
us to collate data from logbooks using a simple spreadsheet
(Numbers, Apple Inc, Cupertino, CA, USA). Data were anon-
ymised before exporting for further analysis. A single research
assistant supported department staff in data collection.
Outcome measures
The primary outcome measure was in-hospital mortality cen-
sored at 30 days for patients who remained in hospital. Second-
ary outcome measures were 30-day in-hospital, postoperative
complications among patients undergoing laparotomies and
Caesarean section during the supplemental data period.
Statistical analysis
We aimed to recruit all eligible patients over a one-year period.
No formal sample size calculation was performed. Data were
summarised descriptively using mean (SD) or number (%) as
appropriate. We also assessed the association between four cov-
ariates (gender, ASA score, surgical specialty, and urgency of
surgery) and 30-day, in-hospital mortality using a multivariable
logistic regression model. We used multiple imputations to
account for missing data in the covariates. Patients with
missing outcome data were excluded from the analysis. The
imputation model included the four covariates, as well as the
outcome (30 day in-hospital mortality). Imputations were per-
formed using chained equations, and 10 imputations were
used.18 Results from each imputed dataset were combined
using Rubin’s Rules. These results are reported in Table 2 as
adjusted odds ratio with associated p-values and 95% confidence
intervals. Our findings are presented in accordance with the
STROBE guidelines for reporting of cohort studies (Figure 1).19
Results
Demographics
Data describing 4 773 patients were collected at Mbale RRH. This
represented 100% of surgical procedures conducted and
recorded in theatre logbooks within the hospital’s main operat-
ing theatres and obstetric theatre during the one-year study
period. A total of 3 754 (79.0%) patients were female and the
mean (SD) age of all patients was 27.9 (15.3) years. Some 773
(16.2%) patients were children under 18 years of age, 266
(5.6%) were under five years of age and 24 (0.5%) were neonates.
Three-quarters of surgical procedures were emergency cases (3
501, 73.8%) and the majority were ASA class I and II (4 259,
89.4%).
Data completeness
Eight (0.2%) patients were missing outcomes and were therefore
excluded from the data analysis. The number of patients missing
data for additional individual variables included in the main
analysis ranged from 5 (0.1%, surgical procedure) to 97 (2.0%,
ASA score).
Surgical procedures
A total of 4 878 surgical procedures were conducted on 4 773
patients, with an average of 397 per month (see Figure 2). The
busiest department was obstetrics and gynaecology conducting
3 158 surgeries (66.3%), followed by general surgery which con-
ducted 1 044 procedures (21.9%). The 10 commonest surgical
procedures are described in Table 1. Caesarean section was
the most common procedure (2 634, 55.3%) followed by lapar-
otomy (304, 6.4%) and hernia surgery (142, 3.0%).
Clinical outcomes
A total of 93 (2.0%) patients died before hospital discharge. Mor-
tality was more common in children aged less than five years
(7.1%) compared with older children (5–18 years, 0.8%) and
adults (1.8%). Patients with an ASA score of IV were over 100
times more likely to die than ASA I patients (see Table 2). In
all, 12/1 244 (1.0%) patients undergoing elective surgery died
before hospital discharge compared with 81/3 501 (2.3%)
undergoing emergency surgery. In-hospital mortality for the
commonest surgical procedures varied between 0.3% (Caesar-
ean section) and 22.4% (laparotomy). Of the patients who
died, 49 (59.0%) did so after the day of surgery.
Complications following laparotomy
Complications data were collected over a period of three
months for all patients undergoing laparotomies (n = 107).
Data are presented in Table 3. The mean (SD) age of these
patients undergoing laparotomy was 32.0 (18.6) years. Some
81.7% (58/71) of laparotomies were conducted by doctors
without any specialist training in surgery. Anaesthesia for
90.2% (74/82) of these cases was provided by non-physician
anaesthesia providers; 85/107 (79.4%) were conducted under
general anaesthetic and the remainder under spinal anaesthesia.
Antibiotics were given in theatre for 55/107 (51.4%) of cases andFigure 1: Patients excluded from the study.
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the surgical safety checklist was used during 19/107 (17.8%). A
total of 18 (16.8%) patients undergoing laparotomy developed
postoperative complications. There were 10 (9.4%) infectious
complications and 10 (9.4%) cardiac arrests. Mortality following
cardiac arrest was 100%.
Complications following Caesarean section
Complications data were collected over a period of two months
for all patients undergoing caesarean section (n = 412). Data are
presented in Table 3. The mean (SD) age of these patients under-
going Caesarean section was 25.4 (6.3) years; 84.7% (349/412) of
Caesarean sections were conducted by doctors without any
specialist training in surgery. Anaesthesia for 99.2% (359/362)
of these cases was provided by non-physician anaesthesia pro-
viders; 391/412 (94.9%) were conducted under spinal anaesthe-
sia and the remainder under general anaesthesia. Antibiotics
were given in theatre for 138/412 (33.5%) of cases, and the sur-
gical safety checklist was used during 150/412 (36.4%). A total of
24 (6.1%) patients undergoing Caesarean section developed
postoperative complications. There were 23 (5.6%) infectious
complications and 2 (0.5%) cardiovascular complications (one
pulmonary embolus and one cardiac arrest). Mortality following
cardiac arrest was 100%.
Discussion
This study confirms the feasibility of conducting longitudinal
audits of postoperative outcomes in a low-income country
although patient follow-up and data entry will often require
additional human resources. In this cohort of surgical patients
in Eastern Uganda, overall in-hospital postoperative mortality
was 2.0%. Mortality rates were more than three times higher
in children under five. Patients with increasing ASA scores and
those undergoing emergency surgical procedures were more
likely to die and one-fifth of patients who underwent a laparot-
omy died. In patients undergoing laparotomy or Caesarean
section, the overall number of postoperative complications
was small; however, mortality following cardiac arrest was
100%. Notably, more than half of patients who died did so
after the day of surgery, suggesting that improvements in post-
operative care may result in a significant reduction in the mor-
tality associated with surgical procedures in this setting.
Figure 2: Variation in monthly surgical procedure rates and monthly mortality rates at Mbale Regional Referral Hospital. Dashed lines represent yearly
average rates for procedure volume and mortality respectively.
Table 1: Baseline patient characteristics and in-hospital 30-day mortality1
Item No. of patients Patients who survived Patients who died
All patients 4 765 (100.0) 4 672/4 765 (98.0) 93/4 765 (2.0)
Age, years, mean (SD) 27.9 (15.3) 27.7 (15.0) 33.5 (25.6)
Age, years, median (range) 25.0 (0.0–96.0) 25.0 (0.0–96.0) 30.0 (0.0–92.0)
< 29 days 24 (0.5) 21 (87.5) 3 (12.5)
29 days–5 years 242 (5.1) 226 (93.4) 16 (6.6)
5–18 years 507 (10.6) 503 (99.2) 4 (0.8)
Common surgical procedures:
Caesarean section 2634 (55.3) 2626 (99.7) 8 (0.3)
Laparotomy 304 (6.4) 236 (77.6) 68 (22.4)
Hernia operations 142 (3.0) 140 (98.6) 2 (1.4)
Open reduction and internal fixation 87 (1.8) 86 (98.9) 1 (1.1)
Hysterectomy 79 (1.7) 78 (98.7) 1 (1.3)
Incision and drainage 60 (1.3) 58 (96.7) 2 (3.3)
Salpingectomy 40 (0.8) 40 (100.0) 0 (0.0)
External fixation 40 (0.8) 40 (100.0) 0 (0.0)
Primary wound closure 39 (0.8) 39 (100.0) 0 (0.0)
Sequestrectomy 34 (0.7) 34 (100.0) 0 (0.0)
1All data presented as n (%) unless otherwise stated. Patients with data incomplete for that category were excluded.
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Mortality rates from our one-year cohort of patients are remark-
ably consistent with ASOS data, both in all patients and in those
undergoing elective surgery (Figure 3). Mbale RRH contributed
to ASOS, collecting data over seven days during the same
study period. This cohort therefore serves to validate the
reliability of the ASOS outcomes. We describe mortality in
accordance with the recommendations of the Lancet Commis-
sion on Global Surgery, including all patients within our hospital
who underwent a surgical procedure in an operating theatre.
Some 60% of all our surgical procedures were obstetric, a repre-
sentative statistic for most hospitals in low-income countries.
However, this raises difficulty when directly comparing our post-
operative mortality with published literature in other hospitals in
similar settings. Postoperative mortality at a regional referral
hospital in western Uganda has been reported as 2.4%.
Although data collection there was limited to a four-week
period, the overall figure is comparable.16 A teaching hospital
in Rwanda described its perioperative mortality rate as 6.5%,
three times higher than ours, but included only procedures
involving surgical residents in their study.11 If obstetric patients
are excluded from our cohort, our mortality rate doubles to 4%.
This is analogous to mortality rates following elective and emer-
gency surgery in Europe (4%),20 but less than among a cohort of
over 10 000 patients in 58 high-, middle- and low-income
countries undergoing emergency abdominal surgery who had
an overall mortality rate at 30 days of 5.4%.10 In a population
of 45 000 patients undergoing elective surgery in high-,
middle- and low-income countries the in-hospital mortality
rate was lower at 0.5%.21 In comparison, following elective
surgery in our hospital, patients are twice as likely to die
despite, on average, being 30 years younger. This reinforces
the recently published African Surgical Outcomes Study
(ASOS) where patients in Africa were twice as likely to die after
surgery when compared with the global average for postopera-
tive deaths.14 A major deficit exists in the specialist surgical
workforce in many parts of the world.22 At Mbale RRH, seven
obstetric, surgery and anaesthesia specialists cover a catchment
population of 4.5 million. Over 84% of laparotomies and Caesar-
ean sections were conducted by doctors without specialist train-
ing in surgery and over 97% of anaesthetics were performed by
non-physician anaesthesia providers. Although safe surgical and
anaesthesia care has only recently come into focus at a global
level, previous interventions aimed at improving outcomes
have focused on making operative procedures safer.19,23
Almost 60% of the postoperative deaths in our hospital occurred
more than 24 hours after surgery. In the African Surgical Out-
comes Study, more than 95% of patients who died did so in
the postoperative period.14 It is known that poor patient out-
comes commonly result from a failure to promptly recognise
deteriorating patients on the wards.24 It has also been suggested
that a failure to rescue patients following the development of
postoperative complications may be a better measure of the
quality of perioperative care within a health facility.25 In our
cohort, no patients survived following a cardiac arrest. In the
International Surgical Outcomes Study, conducted mainly in
high- and middle-income countries, 40% of cardiac arrest
patients survived.21 This suggests that postoperative care in
our setting, in particular ward care, should be a focus for
future interventions and we advocate for more research and
funding in this area. In Mbale RRH, our data have been presented
to hospital staff and are being used to inform interventions to
improve patient care, for example by establishing a high-
dependency unit. We recognise that patients given an ASA
classification of III or IV are more likely to die. Interestingly,
75% of our ASA IV patients underwent an emergency laparot-
omy. They were classified as ASA IV based on their acute
illness rather than on their underlying chronic disease as in
many high-income countries. We were surprised by the
monthly variation in our mortality rates. Figure 2 demonstrates,
on average, higher rates during the period November–February
with a dramatic reduction during March and April (Figure 2). We
did not set out to investigate seasonal variation in outcomes and
are unable to clearly identify causal factors.
There is a huge burden of untreated surgical disease in Uganda,
and we suspect a significant number of these patients never
reach theatre because of delays in seeking care, travelling to
health facilities and between presentation to hospital and
reaching theatre.26,27 By looking at postoperative mortality
alone, we have limited our data and are unable to measure
these gaps. We are therefore likely to be missing a significant
proportion of the mortality associated with surgical disease in
this setting. We also consider the low rates of postoperative
complications in our cohort to be a limitation. In our hospital,
Table 2: Factors associated with 30-day, in-hospital mortality (multiple imputation model)
Factor Alive Died Odds ratio (95% CI) p-value
Male 950/999 (95.10) 49/999 (4.90) Reference –
Female 3 710/3 754 (98.83) 44/3 754 (1.17) 0.65 (0.36–1.18) 0.16
ASA score:
I 1 918/1 922 (99.79) 4/1 922 (0.21) Reference –
II 2 313/2 337 (98.97) 24/2 337 (1.03) 5.94 (2.02–17.50) 0.001
III 314/353 (88.95) 39/353 (11.05) 28.66 (9.72–84.57) < 0.001
IV 35/56 (62.50) 21/56 (37.50) 116.79 (35.60–383.16) < 0.001
Surgical specialty:
Obstetrics 2860/2878 (99.37) 18/2878 (0.63) Reference –
General 980/1044 (93.87) 64/1044 (6.13) 4.34 (2.02–9.30) < 0.001
ENT 140/141 (99.29) 1/141 (0.71) 0.61 (0.08–5.04) 0.65
Gynaecology 272/280 (97.14) 8/280 (2.86) 3.90 (1.51–10.04) 0.005
Orthopaedics 418/420 (99.52) 2/420 (0.48) 0.71 (0.14–3.49) 0.67
Urgency of surgery:
Elective 1232/1244 (99.04) 12/1244 (0.96) Reference –
Emergency 3420/3501 (97.69) 81/3501 (2.31) 1.52 (0.74–3.15) 0.26
ASA: American Society of Anesthesiologists; ENT: Ear, Nose and Throat.
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like many low-income settings, documentation of postoperative
reviews is often poor, complications are not sought out and lab-
oratory tests or radiology examinations are often unavailable to
confirm complications when they are suspected. We have relied
on data collection from logbooks and patient medical records
and did not define potential complications a priori. If we had
conducted routine reviews of all postoperative patients, we
might have identified additional complications. This was not
feasible in our setting due to resource limitations for this study
but this has allowed us to identify a focus area for future
quality improvement. A previous study in Uganda has also
shown only 94% of surgical-related deaths to be recorded in log-
books.16 It is possible that we may have missed some postopera-
tive deaths. Paper-based logbooks are routinely used in all
health facilities in Uganda to help collate aggregate data to
provide feedback to the Ministry of Health. This method of
data collection is time-consuming and places a significant
burden on staff who are already working in challenging con-
ditions, for example nursing to patient ratios of 1:40. It is also
a barrier to the routine use of these data for quality improve-
ment initiatives at health facility level. We have successfully
managed to collate this level of data for our patients but only
with the assistance of a dedicated data assistant whose
primary role was collection and entry of all data. An alternative
strategy is to replace paper logbooks with an electronic registry.
The reported challenges of implementing an electronic data reg-
istry, e.g. poor staff training, lack of regular power supply and
inadequate infrastructure, can all be overcome with appropriate
technology and focused investment of time and money com-
mensurate with the scale of the data collection.28–30
Conclusion
The original aim of our project was to collect outcome data on
patients undergoing surgical procedures in order to inform
ongoing quality improvement in a referral hospital in eastern
Uganda. Our data, which are likely to be representative of all
similar health facilities in the region, demonstrate that patients
who die following surgery are more likely to do so in the days
following their operation, especially if they have a higher ASA
classification. We have demonstrated that this level of data col-
lection is feasible and that it generates discussion with hospital
leadership. Future efforts should focus on refining method-
ology for efficient and accurate data collection in resource-
constrained settings, while also ensuring utilisation of these
data in real-time for quality improvement interventions in peri-
operative care.
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Total patients 107/304 (35.2) 412/2 634 (15.6)
Age, mean (SD) 31.96 (18.6) 25.43 (6.3)
Senior surgeon present:
Consultant 3/71 (4.2) 3/360 (0.8)
Medical Officer Special Grade 10/71 (14.1) 8/360 (2.2)
Medical Officer 52/71 (73.2) 41/360 (11.4)
Intern 6/71 (8.5) 308/360 (85.6)
Senior anaesthesia provider present:
Physician anaesthetist 8/82 (9.8) 3/362 (0.8)
Anaesthetic officer (non-
physician)
74/82 (90.2) 359/362 (99.2)
Anaesthetic technique:
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Spinal anaesthetic 22/107 (20.6) 391/412 (94.9)
Endotracheal tube 67/67 (100.0) 4/21 (19.1)
Antibiotics given (Yes) 55/107 (51.4) 138/412 (33.5)
Surgical checklist used (Yes) 19/107 (17.8) 150/412 (36.4)
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Death following a
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Cardiac arrest 10/107 (9.4) 1/412 (0.2)
Total 10/107 (9.4) 2/412 (0.5)
Other complications
Unplanned return to theatre 2/107 (1.9) 0/412 (0.0)
Data presented as n (%).
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